• Japanese Patent Application Laid-Open No. 10-75226 (1998) 
"Orthogonal Frequency Division Multiplexing Signal Demodulator" 

The following is an extract relevant to the present application. 
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A demodulator for demodulating an orthogonal frequency division multiplexing 
signal transmitting a pilot signal using a predetermined subcarrier among subcarriers used 
for a transmission, comprising: 

a Fourier transform circuit demodulating a multiplexed signal by Fourier 
10 transforming said orthogonal frequency division multiplexing signal; 

a pilot generating circuit generating a pilot signal in synchronization with an output 
of said Fourier transform circuit; 

a first divider calculating a transmission line characteristic to the subcarrier used 
for the transmission of the pilot signal by dividing an output of said Fourier transform 
1 5 circuit by an output of said pilot generating circuit; 

a delay time calculating circuit calculating a maximum delay time of a delay wave 
component included in a received signal; 

a band variable subcarrier filter controlling a passband in the subcarrier direction 
based on an output of said delay time calculating circuit, extracting only a necessary 
20 component from an output of said first divider, and calculating transmission line 
characteristics for all subcarriers, and 

a second divider outputting a demodulated signal by dividing an output of said 
Fourier transform circuit by an output of said band variable subcarrier filter. 
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y. e^Kt#ttco^rpm®i^^^^Hai-r^c<t^^ 

[OOO 1 ) 
[O O O 2] 

HiK^a^m (feTF. OFDM (Orthogonal Freque 
ncy Division Multiplex) ) ^^A<;t g ?titl> 

[OOO 3] OFDMli, &T&th?*s*)\>*r— 

[OOO 4] JUT> O F DMfc&JjjZOBRmiZ'Dl^T. 
17 ^£08 ^iLrMt^o S7lt OFDMfc 
^itCO]^SW^R£^^-^D-y^Elr^^ e 0 7fC 

[OOO 5] OFDM|tS0SS6 1 fc£>l"*T» ? 

[OOO 6] *J — K)MfttDBB7 21*. «-»?tOU« 

rcwi»-»^u»irans^«>»»« =1 tf-u ram 

«fcy. SSw^t (JUT. K) COO FDM^ 

[OOO 7] — X/O KO F D Mfs^-afcff^^l&U^ — 

[000 8] lE£^gB[e]B§7 3(* % ^-X/\*>h'OFD 

(liAT. I F (Intermediate Frequency ) ) w^COfa 

[0 0 0 9] 7'V7^>/N-^6 2lt I F^t§S^£ 
fc^jg&Sit (JUT. RF (Radio Frequency ) ) 
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JS&S^&U OFDM^3 6 5IZ&J]?Z> 0 

[0010] OFDM&SSgS6 5lzfcl>T. tt£ffig/S 
@g§8 1 (i. I F^igig^Sl^HS^-OCT)^ 
'J 7 ^ ffl^t ^<-X/N*> KO F DMil^(:ffi«Sr ^, a 
— K^Pa1^*@^8 2 1*. ^<-X/OKOFDM(g§^ 

#)i-mmm^zmh?z* ^-uxie^@k8 3i*. 
[ooi i] l^l^*. ^<o&^ummttummv 

20 tzts^T&HtzmfrzmiEL. jtmizT—zzmm?-* 

f;iAW^ntt>i (flliU*. 7-f - -f — • *T — • n 
>^T U>X • /<^»J W >3 > 413 221 
A^mi 281 (IEE Conf . PubL No. 413 P. 122-1 
28 1995) ) o JUT. f0)«i:9^OFDMfn^xe&i; 
tt^C0OFDMffi|E|^SC7>«ifi£&0:®I^fCOl>r. 0 9 
0^#RBLTltt^-r^o 
[OOI 3] ®9lt aai<S^I*JfCfclt^/NVD y hfg 

CCDflT'l*. felTCD (1) ^mt-f^f'^Xk = 
k P ©1f^V l J7fCyUPt; hfS^£SSLTl>* 0 

[O O 1 4] 

[»1 ] 

K p -3 (n iud4) +12p —CD 

(i) itfcfciNT. P i*esa>#ft®&-e&* P cct- 
40 (#<t < . ±x<o^h a v ^m^tfm-v&z&mzte 

[OOI 5] J^TT'I*. mn#eC0->>7K;U(7)mk#a 

cdv-?** *)7T*m&ztiz>m^z * (n, k) % 

\Z-&?Z>m&&(Ottte.£H (n, k) , $t^£n (n, 
k) . SUff^^y (n, k) <t^^ 0 CCO<t^C^, 
^(DPbIICI*. ;^CD (2) xfcCD|f!&A<6Sc!L-t£o 

[O O 1 6] 

[^12] 

y (n. k) -x in. k> H (n. k) +n (n. k) »• (2) 
50 [0017] @10lt ^^C0OFDM^|^^SC0«i/5Jc 
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i^tSiS^^^L. *si£a)*3if*3S£ii{S-^££;b 

X/*> KOF DMfe^frt>j£i£mX'ttixi£titz1i— 

[0 0 18] /Ua*;hM@«4lt 3?— y 
»3A< ( 1 ) S^fctY>fv^Xk = k ptf)-*:/^ 

vjTCffiitiigf y P (n. k P ) ^ttj^-r^^rc 

^^5>^^t, /WP7hj§^xp (n, k 
P) *m<£?Z> 0 (S*£g5l*, yp (n, kp) £x p 
(n, kp) T'SI^CifC^t^ g^SHT'tt^^n^fc 
iM*§*#1£Hp* (n, kp) £Siajf*o CCOct^H 
p* (n, kp) iiJ^TCO (3) iC<DJ:^fC^^$tL 

So 

[0019] 
[&3] 

y p (n, kp ) 

Hp (n. k) — r^- 

Xp (n, kp ) 



n D (n, k p ) 

-H p (n. k p ) 

5t p (n„ k p ) 



[0020] yV^^^e&W^'JT^-f 

fc^^^u^ux/^s^fife-rc^tc^y. /Wpy his 

^tfm&ZtlTl^ZV?** U7 (E19(7)^A) lc**L 
T(D^Sfcfc5£;h,fcHp ' (n, kp)£ttJ$L. ±+V 
yTICtt^&fc&SSftttH' (n, k) £#tf>£ 0 Rfcl* 
^8(*SmiS^y (n, k) ^e^K^ttH* (n, 

k) -esqactfc^y. a&&rz;fci+*§MS£*iiEL*: 

&S/Ht-^x* (n, k) £#*>fcii;*j^- 
CO O 2 1 ] 

xTOI*. SIS/WD-yhig^yp (n, kp) £i,£iz 

mjZLtzm&&ttte.Hp' (n, k P ) ^Ltilb 

ft*<5i£8§ttt±H' (n, k) fc^y. e^K^ttfZj: 

*§fc#£*iIELTl^ 0 L^L^6<^>. Hp* <n, 

k) I* (3) l£frt>tmt>frU& Z>lZ. fcl^np (n, 
k p) fz£*$K£(T^p5C0a£S§ft1±Hp (n, kp) 

x* (n, k) &mm^y (n, k) fC^£*l* 

[0 0 2 2] £i£g&fCfcl+£^U^/\* 
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fc;M£Wc£*OFDM|gSligStt. JUT0)<*:^fC|SfiE 
(1) fci3l«C^ffl-r^-»t^+V'JT<7)^*,^fS(0^^^ 

&Km3>mm*kz?-')*m&rz^<ttz t ki). 3^mm 

^ZMzte^ttttZZ* -Ux^@^i, WE:?- 

^^bjje/nVd^ hm±®&<Dih*T'&m? z ^ t iz* 
y % /nVd-v hfg^(7)fc^rrffli>fc-9-^^vgTfc^r 

[ O O 2 4 ] ( 2 ) V U709*, 

iS^® as&a-a ^ mra-^ £ issur * «ss &s r* <fc o r . 
30 Bijcii^s^^^sm^^^- y ^&ir*c <t re 
<ty. ^Mig^^tLfcm^^ffiTcT^^-yi^HK 

is BnJE^-yx^IslK(D£i3^<!:^^LT. nVP>y 

^&@&0>its;to£Biie/\Va-/ h^^@Ka)tl3^r*^ 
,uuv hig^om&tzmi^tz-v-z?* 
-v y Tic^^e^^ti^Hai^-^m i <DR*srs<t. 
a^^t±(DB#p B i^®ia)^^^^sai^r^ kv^-js 

\z, ±v-?***)7iz$i?hte&ntt\±&n&?z&t& 
rc^y. s^m-^^as*r^m2(D^m§ii^^LT 

[00 2 5] (3) <E^ffl-r^P>-V'J7a)9*, 

Sf^(7)-tf^^-vy 7^ffl^t/UP'y hfl^^te^-T^ 

50 cty. ^na^^tLfcis^^mTc^^^-y x^^ihis^ 
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cilery, /UD-;hi§f(D^l:ffli«^ 
&&®&&lfm&FvZ??-m&&n&®&Oft*lzm 

£$rajt-*^tg^2:*5c^M,*£. iniE^-'ji^ 

[0026] (4) (3) (D&riUcfeo-CI*. hJJE^ 

* ^nt pm-* z>* v g t ^ -r ;u * <t £ ffi z> mm t -r 

[0027] (5) (1 ) (4) <Dlvr*lfrG>ffij£ 

e«s@tt<om a mum ^ o>\&mmt~m 

[0028J (6) ( 1 ) Am=> (5) 0>lv4*4lfrO)IMt 

^mmis^toftMzmmLT. &<sis^tz&titLZ>m 

[0029] (7) (1 ) (5) <D^THfrO>m& 

[0 0 3 0] (8) ( 1 ) (7) flHvfiuMMM 

[0 03 1 ] (9) (1 ) ^«t> (7) (Dl^tlfr<Omf£ 
CO O 3 2] 
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uzoy^mo-f&mtem&m^it* &mt><xzmzt*z> 

[ O O 3 3 ] (mi <*>SS$£<D»2S) @ 1 (*. *^£^COm 

10 [OO 3 4] @1fCfcL>T. m^2tlXl^Ul^3.—-t 
nMzm&ZtlZ* dtDS££33[sl8&1 (DtiS*M*2^*£ 

Coo 3 5] C<D**— KJ8F3B**@&2 0)£ii;*Jf*3>— y 

X|E&Ih18§3 (C#|g2*U CO^-Ui^@^3(0£il 

20 * 9fc#|S;**t*o 

CO 0 3 6] SJgttl KDtti^t*. h*7^7-l 

2£2StJ|:aj[sJ*§i 2lct*|££;h.*o CCD Kt/^—ISiftSfc 
mtiilsIKl 2C0SlJ^t*. ^mRllE2^7T:^^;U^ 9(C#^ 

coo 3 7] J:ffii!SB*ri!m£ii@*§ i ocDtis^r*. 

COO 3 8] 0 2 1*. 0 1 (Cfcl+&T?Tigpr^2;*5c^-i' 
30 A-* 9<7)rtfiP^|fiSc^7F-r37D-/^@T'$)'2)o S2(cfcLN 
^pl^2^5c^-r;u^ 9C7)^§B^«t>COm 1 OA^l 

( vvz?^-m&%inih®&i 2<Dtu^) tt. ^pt^ 

*>>*£)VZ? >( 2 1 fc#t|g^tt^o w^pT^2^5c^ 
iU^ 9C7)n©^^Om2(DA^) (WtmSg5C7)aj^}) 

I*. fiFJ*RTJE-»?IOi':7<rji*9 2 i fcm^^^x^o w« 

'J77-f^ 2 2lC«^$tti 0 

COO 3 9] w^PT^2^5c^^;U^ 9C7>n«iJ6^^0m 

^-V'JT^'f;^ 2 2C0t±i^l*. w^Pl^2^7c3?^;U 
[0 0 4 0] ^pT^v>^U^-<;U^ 2 1 fC^Sl>T. 

t±J@^1 2C7)tH^l) I*. &&3§3 2(Z^$n^) 0 Sift 
IS3 2C7)tti^(i. ADlE^3 3rceU££*L*o *D^§|3 3 

COtli^tt. 1 i>>7f:;ugSlsl^3 4lctft$££;H. mftiz 
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[004 1] ft&S!&VZ>'*M> *)~7 7 << 2 2fCfcl> 

2 1(D£ii2j) tt. % )7Z>4 JU* 4 1 . 4 2. 4 
3fC#*££;h,&,> VZ?*V*)774 )\,* 4 1 . 4 2. 4 

3 0aS*M*l*T^i?U^*4 4IC#|g£;ft£ 0 

U^^4 4fZ^|g$tL4b 0 -fcU**4 4<Diii*jte. ^« 
CO 0 4 2] @3l*. @1 fcfc|-f^gS^P B m!±5@Kl 

1 cotii*) i*. i «&?/>;K;iota8ss&5 1 &vm 
loa^i*. ^fi§%5 2»c«ig$n^o 

2 0^*1*. ^»S5 3fC«^$^^ 0 il£5 
3C0tt3*l*. &&3§5 4fC#tS;*;ft,* 0 &&3§5 4(DiiJ 

*m*. uoums 5izm*zz*iz> 0 

[O 0 4 3] *nmS5 5(Daj£H*. 1 V>tK^®S@K 
@8§5 e<DXt>&. 7{*|££;h.*o &&S§5 7 

CO 0 4 4] tl_t(0«fc ?^l3lfi!t£*lfc0 1 COO F DMffi 

m^mssHss 1 1*. 0^$ttrL^t>^3.— ^rc 

CO 0 4 5] AVPt/hM@K4ll 7— 'Jx^&B 
S&3M ( 1 ) 5££2SfcT>f >^-y?Xk = k pCD"*^"* 
V'JTfC^^T^^y P (n, kp) £tti*|-r£<Drc 
^-fS >^£^;fcr£T. AVQ7h|g§xp (n. k 
p) £S&£T*o yp (n. kp) £xp 

(n. kp) T-mz^tiz&y^ &mmxm&zti*m 

^ttHp' (n, k p) £3ltii-f * 0 

[0046] &jgtti 11*. *!SMSiis$^aa{*»c*s«E 

^mtiilEl^l 2 1*. *£i&t*(7)i$]£ v ^£>. (4) ^JCj; 

CO O 4 7] 
[»4] 
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fd="^-f " (4) 

ft 

CO 0 4 8] SSBttEHrffilslK 1 Of*. ^/\*>KO 
[0049] ^l2;JC5c7^;^9li, K«y3^ — 

10 a&ftsrffiB&i 2t><&i]-rzm%ia* &tfSB*ra* 

Saj^nycHp' (n. kp) £rtl$L. ±4rV'JTrc 
*rr*e&8&*3t£H' (n. k) 
[0 0 5 0] BfcSgeteSigfS^y (n, k) 

»ttH' (n. k) r-si^circcfcy. eaMfrjsit* 
20 K«*«iELfcttBaffl*x ' (n. k) 

1 „ 2. 20^353 3. 1 ->>JKn- 

es@K3 4 6N^>«iriE$tt*«iifi-<>/^uxp6s : oa 

T, I IR (Infinite Impulse Response ) ) Z? << 
[0051] ^fc. 9OTI^7*+V»J77^J^2 2 

^-f ;u^4 1 -4 3 1*. Sfc**^fi&ft£*l 

-r*-»f^vyr7jiBi(o^PB-f >/^uxcc^ (jut. f 

I R (Finite Impule Response) ) 7^^t'HSt 
Coo 5 2] ::t\ Bi iztirtZ&m'^m 2^5u^-< 

40 COO 5 3] m&<D£?lZ. AVD^hil^A^Jtl 

tLfcHp' (n. k p) ^WJf L. ±^VUTIC^T^> 
eaiK^ttH' (n, k) ^*A*fc*!)fCl*. 
hig^f^^lCffig^Tl^C^ICcfcoT^Caifr 

ysLfiSt^^^-rs^^tf^-fiu^ y >^^fr^^i# 

Ts) ^iiiS^<!:L. ^-^^rV'JTTJrSllCliT e s / 

3 &&m&®t?z>z> << ju^^cnicts^T^o 

[0054] L6^t^A^b»e^K^14(D^^%jS^-^ 
50 S4^^^cfc^lc. v>4-OU7ifSllcl*. ^S3b^(DS 
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(4) i£fc£oT#£*g;*K^:^-jg;£Srf 

ofi^gSBSppi 5 ^aia^ t -r * ? -r fc«£ y rtif 

[0055] *0)tz#>. ^iU^/^XCDS^S^SX 

iztt^m&&n&.H- (n. k) <Dtts^^^$<^- 

[0 0 5 6] Bi frJsif&SSftMJrasEIBi o 

(DS&ftl::O^T@3Xtf@5£ffiOTS&91-f *o 0 3 |C 
^T£?fCg&f$P B mttil2)*8l Ol*, ^-X/OKOF 

[0 0 5 7] 0 5fC^lNT. G O-G 2 I* 73— KJOMia 
te^S^L. S 0~S 2l*^->>7KJl^P B 1<DfS^I£ 

$^f 0 (a) tt0 3rt(Di *r$r»;tOuigsls] 

1 CQA7}-<-X/N-> KO F DMf§-SI4><D#M;£/£# 
(b) it (a) <7>1 ^3aiV>4-OUilS^^. 

(c) fi*£2*fil@8§5 ecDMi^ieK^^oc^^^M 

^T'&z<dv. mmm^ (c) izi**ne>iz*v&?z>& 

[0058] (d) ~ (f) li^-X/N 4 >KOFDMffl 

^<DgsaatfiJc^ic^^> (a) ~ (c) tmm<D&M 

"Cfey. ffiil^ (f) Id* (c) fc*tLTig51ift(Dil 

^fil[El^5 8C0£H73^I* (c) «?: (f) £^1H^t> 
i>fct(D^^iO)t', (g) Oefc ?fc&ff*<t£:*o 
[0 0 5 9] &3tp(Dmfcislf&S 9fi. $&2*fitl5]8§5 8 

*£T*<7)B$Pifl£&t;9|L. ^^t,^-K«BP B 1STg^^ 
[0060] (!g 2 (DHJ£(Dff^@) m 6 I*. *|§IBCD!g 

2 (nmmojtmtztstfz o f DMmm^m.(omf&^7fk-r 

z?ay^mvhi>o ft. C(J)$i(Dff^i:^i-t^o F D 
M^^S<73^fiJc(*K5mg 8 (D&E/Hf -5|£iJ2J L £ 

l>filr'^j^-r^^J^[51gg1 3. &tf3>-UX^&[sI8&3 

A< (i ) xt^TcT-O^^Xk^k pC0-9-^*^vU 
7Mc*g£-f *fg^§-y p (n. kp) £a*-f *(Dfc£*f 
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[006 1] *^&<Dff2SfC*>l^TI*. m~l<nmfe<DJ& 

mtmuv. ±*vy7A>£»iEmfc&^ttt±H' ( n . 

* 9ttrtiipffiS£fK«0&^ttfc<. $t^fqjffcofc<fco 

10 [0 0 6 2] C<D££. @9<D«-ett>>7K;u73fS}^ 1 

*> (D > > tK;l 3? -r * <D&m&t$i0> ±m &<u < u & o> 

[0063] ISSS. @Ui;@6a)OFDM^St' 

K^^-naaraf diiaetfi 1 6<tt5*^-^>^®) 

0>iS^ £ m is > 40 U^P«1 (OiS^ ^ 1B gg ^ ffl L r 3^ 

20 fttztf. c*tt>i*ffe<7>%&. mtLt*. '<<<uv hm^<D 

£ if cfc o T =t 3}e * C <!: 6< T* ^ <b 0 
[0064] ^fc. 0 2lCfctATI*. ->>7K;U73rS]|C(* 

«jy©^^>c<t-e. ^Bj|E2^7c^-<;u^ 9^H3SL 
7cA<. ctt<*ffe<D^. «^.(#. '>>7K;u73rS]fc»i®ii 

-9-^vy77DfS»ctt i i R^^;u^0)^3S^$q 

30 ismr * c <t t*r**a^-^ c ^ =t pt^T'&^> 0 

[0 0 6 5] Jta^T. gl2^Z^>l^r^*. '>>^U73fSl(7> 

^ ^ >us y >^flis^fife Ltz&izvz>* y y T7d ra]<D3? 

[0 0 6 6] *HJg(7>^a|T'l*. S^®SB#Pa1<5 

six K-:/^-jg&&f d(7)-o(D/N^>-^ ^mtb 

40 LT^Hi^t^ 

[oo6 7] Witz. fc^KoB^p e m®jc7)^a 
mmm.i**tiiz&ft^xm&ftftte2tejE-tz>zL£tfv 
^*<»*>z>&iMz&mz£.z>mmz$xx^z> ttztz l. 

mW>\Z&VtTZ>^£t?Z1feT*$r>Z> 0 Zh>lZ. UJzOtRm 
50 fc6<> <tfe(DKSr*fe'^r=t < fel^C^i*t^^^T't^:C^o 
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[O O 6 8] 

[0i] *nm<Dmi<n&m<nftmiz}$rtz>oFDM& 
[S3] si tztevzm&ftmn&mm oco^mm 

[04] 0 2fCfclt^>^nI^2;^7C^-<;U5' 9<D&& 

[05] 0 3Kfcl+*@3IiSF B maj®*&i 0(D®j^£Efc 
S3^££:#)tf)t>CDT'. (a) li^-X/\*>KOFDM<g 
-^*a>^M2£rtcfl\ (b) li (a) <Dl^3»">>5KiU^ 

RffiSffi^ (c) (i (a) (b) tz*tfc-?Z>mM 

[01 ] 



t$Bf]¥ 1 O - 7 5 2 2 6 

14 
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